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Plastic Integrated circuH devioe package and mrthod of making the same 



(57) Packages for an integrated circuit device and 
methods and leadframes tor making such packages are 
disctosed. The package includes a die. a die pad, leads, 
bond wires, and an encapsulanl. The kswer surfaces of 
the die pad and leads are provided with a stepped profile 
by an etchkig step that etches partially through the thick- 
ness of a peripheral portion of the die pad. and also etch- 
es partially through the thickness ol portions of the 
leads. Encapsulant material fills In beneath the re- 
cessed, substantially horizontal surlaces of the die pad 
and leads formed by the above-descrtoed etching step, 
and thereby prevents the die pad and leads from being 
pulled vertteally from the package body Other portions 
of the die pad and leads are exposed at the lower sur- 
face of the package for connecting the package exter- 
nally. 

A metal leadframe for making an encapsulated 
package includes an outer frame. A die pad is within and 
connected to the frame. Leads extend from the frame 
toward the die pad without contacting the die pad. After 
an encapsulation stop, the die pad and leads are sev- 
ered from the leadframe. and a completed package is 
cut from the leadframe. A portion of the severed leads 
may extend laleralty beyond the package sides, and 
may be bent upwards at an oblique angle to facilitate 
connectk>n of a solder interconnection to the package. 

The packages may be made one at a time, or a plu- 



rality of packages may be made simultaneously. Pack- 
ages may be cut from the leadframe with a punch or saw. 
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poscription 



[0001] The present invenlion is lo direcied loward an 
improved plastic package for an integrated circuit die. 
and a method and leadtrame (or making such a pack- 
age. 

[0002] Integrated circuit die are conventionally en- 
ckjsed in plastic packages that provide protection from 
hostile environments and enable electrical interconnec- 
tion between the Integrated circuit die and printed circuit 
boards. The elements of such a package include a metal 
leadframe. an integrated circuit die. bonding material lo 
attach the integrated circuH die to the leadframe. bond 
wires which electrk»lly connect pads on the integrated 
circuit die lo individual -leads of the leadframe, and a 
hard plastk; encapsulant nnalorial whkrfi covers the other 
components and forms the exterior of the package. 
[0003] The leadframe is the central supporting struc- 
ture of such a package. A portion of the leadframe is 
Internal to the package, le,. completely surrounded by 
the plastk: encapsulant. Portions of the leads of the load- 
frame extend eiemalfy from the package and are used 
to conned the package externally. 
[0004] Further background information concerning 
conventtonal plastic integrated circuit packages and 
leadframes is contained in chapter 8 of the book Micro- 
electroncs Packaging Handbook (1 989). which was ed- 
ited by R. Tummala and E. Rymaszewski. and is pub- 
lished by Van Nostrand Reinhold, 114 Fifth Avenue. 
New Yorl^ New York. 

[0006] A problem with conventional plastic packages 
is that their internal leadframes limit reduction of the size 
of the packages. Practilk^ners have attempted to reduce 
the size of packages by eliminating internal leadframes, 
as is shown in U.S. Patent No. 4.530.142 to Roche et 
at and U.S. Patent No. 5.172.213 to Casio, but those 
packages have numerous disadvantages. The contacts 
of the package shown by Roche et al in the '142 patent 
have orthogonal side surlaces. Accordingly, the pack- 
ages are believed to be unreliable because the contacts 
could easily be pulled from the encapsulant material. 
The package shown by Casio In the '21 3 patent has bent 
leads which extend vertically above the die pad to the 
top of the die. Including such leads in a package would 
increase manufacturing costs and limit reductkxis in the 
lateral size of the package Accordingly, there is a need 
for a smaller and more reliable plastic package. 
[0008] The present invention is directed toward im- 
proved plastic packages for housing an integrated cir- 
cuit die. and lo leadframes and methods for making such 
packages. In one embodiment of an assembly method 
for a package within the present invenlbn. Step 1 pro- 
vides a metal leadframe. The leadframe includes a dis- 
posable rectangular frame. A die pad is within and con- 
nected lo the frame. A plurality of leads extend laterally 
from the frame toward the dio pad without contacting the 
die pad. 

[0007] The die pad ot the leadframe has a rectangular 



perimeter. The die pad has a horizontal first surface up- 
on which a die is placed during package assembly. Op- 
posite the first surtace is a substantially planar central 
second surtace and a peripheral substantially planar 
5 third surface. The Ihird surface is al the periphery of Ihe 
second surface, and is vertically recessed from the sec- 
ond surface, so that the lower surface of die pad has a 
stepped profile. In a completed package, encapsulant 
material fills in beneath the recessed third surface of the 
10 die pad. but does not cover the second surface of the 
die pad. The encapsulant material beneath the third sur- 
tace of the die pad prevents the die pad from being 
pulled vertically from the package. 
[0008] Each lead has a first surface, a second surface 
15 that is opposite the first surtace. and a third surface that 
also is opposite the first surface and adjacent to the sec- 
ond surface. The second surtace has a rectangular or 
circular perimeter. The third surface is vertically re- 
cessed from the second surface, which results m the 
20 lower surtace of the lead having a stepped profile, in a 
completed package, encapsulant material fills in be- 
neath the third surface of the lead, but does not cover 
the second surface of the lead. The second surface of 
the lead serves as a contact for connecting the package 
2S externally, as in an LCC package, or senres as a larKj 
for the connection of a solder ball. The encapsulant ma- 
terial beneath the third surface erf the lead prevents the 
lead from being pulled vertically from the package. 
. [0009] The leadframe is fomned by a two-step wet 
30 etching process from a rolled metal strip. The first etch- 
ing step Is a one or two sided etch that etches through 
the metal strip and thereby transfers the desired overall 
pattern of the leadframe into the metal strip. The second 
etching step is a single-skied etch thai etches the pe- 
as riphery of the die pad and selected porttons of the leads. 

The second step etches partially throu^ the thickness 
of the die pad and leads, and thereby fomns the above- 
described, vertksally recessed, planar or substantially 
planar third surfaces in the die pad and the leads. 
40 poi qj Step 2 places an integrated circuit on the upper 
first surface of the die pad. Depending on the applca- 
tion. the area of the die may be less than the area of the 
first surface of the die pad. or may be greater in area 
such that the die overhangs the peripheral sides of the 
45 die pad. In some cases, the die also overhangs part of 
the length of the leads. 

[0011] Step 3 electrically connects a bond wire or an 
equivalent conductor between each bonding pad of the 
die and a first surface of each lead. The portion of the 
so lead to whch the bond wire is connected may be plated, 
for example, with silver, gold, or other metals. 
[001 2] Step 4 applies a viscous adhesive encapsulant 
material onto the dio and the upward facing first surtace 
ol the leadframe. The encapsulant material is then hard- 
55 ened. The encapsulant material covers Ihe die, the bond 
wires, the first surfaces ol the loads, the third surfaces 
ol the die pad and loads, and the side surfaces ot the 
die pad and leads. The second surfaces ol the die pad 
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and leads are not covered by encapsulanl rr^aierial but 
rather are exposed at the tower exterr^al surlace of the 

fooSr Step 5 plates the exposed surlaces of me lead- 
frame, ncluding ihe exposed second surfaces of the d.e 
pad and leads, wilh a metal, such as copper, gold, lead- 
linsoWer. tin. nickel, palladium, or any solderable metal 
Dependhg on the application and the material used for 
making the leadframe. Step 5 may be omitted. 
[00141 Step 6 severs a completed package from the 
encsapsulated leadframe. In particular, step 6 obliterates 
the disposable portions of the leadlrame and / or severs 
the disposable portions of the leadframe. such as the 
rectangular frame, from the non-disposable compo- 
nents of the leadframe, such as the die pad and leads. 
Dependng on the method of encapsulation used in slop 
4. etep 6 also may cut the encapsulant material to fonn 
peripheral sides of the package. 
[OOiq Step 6 severB the leads from the leadframe. 
The cut is made insWe the dam bar Depending on 
where the cut is made, an end portion of the severed 
lead may extend laterally beyond the sides of the pack- 
age Step 6 or a subsequent step also may include 
bendhg this proiniding end portton of the severed lead 
up the sWe of the package so that the end portion of the 
lead is at an oblique angle to the lower external surface 
of the package and the encapsulated remainder of the 
lead When the package is sokiered to a printed circuit 
board, solder may be connected to the upwardly bent 
end portion of the severed lead in addition to the hon- 
zontfll portion of the lead exposed at the lower extemal 
surface of the package to strengthen the solder connec- 
tion The tower extemal surface of the package includes: 
the second surface of the die pad. which is at the center 
of the bottom surface of the package; the second sur- 
faces of the leads, and hardened encapsulant material, 
which forms the remainder of the bottom surface of the 
package and isolates the die pad and leads Irom each 
other. 

[0018] The package of the present invention has nu- 
merous advantages, and is useful in numerous applica- 
tions. Including power devices and analog devices. The 
package may be made small in size. For example, the ■ 
packages may be near chip size. In addrtton. the pack- 
ages may be very thin. Packages having thtekness as 
kiw as about 0,5 mm or less can be fabricated according 
the present nventon. In addition, the leads can be 
placed close to the die. minimizing the length Of bond 
wires. The exposed second surface of the die pad can 
be connected by metal sokJer to the printed circuit board 
for package cooling. 

[0017] Numerous variatbns ot the leadframe, pack- 
age, and assembly method described above also arc 
described in this applicalbn. and also form part of the 
present invention. For example, in one alternative as- 
sembly method, a loadframo is provided which allows a 
plurality of packages to be constructed simulianeously. 
[0018] Figure 1 is a flow chan ol a method ol making 



a package. . . 

[0019] Figure 2 is a plan view a leadframe used for 

making a package. 

[0020] Figure 3 is a cross-sectional side view ot the 
5 die pad and leads of Figure 2 taken inskJe the dam bar 
atong line 3-3 of Figure 2. 

[0021] Figure 4 is a perspective view of the leadframe 
of Figure 2 after die attach and encapsulation with a 
molded encapsulant. 
10 [0022] Figure 5 is a cross-sectional sbe view ol a 
completed package where the package body was mold- 
ed and a punch was used to separate the package from 
the leadframe. 

[0023] Figure 6 is a cross-sectional view ol the pack- 
fs age of Figure 5 after attachment of a solder bump to the 
exposed portions of the load. 
[0024] Figure 7 is a plan view of the tower extemal 
surface of the package of Figure 5. 
[0026] Figure 8 is a plan view of the tower extemal 
20 surface of an alternative package. 

[0026] Figure 9 is a cross -secltonal view, taken inside 
a dam bar. of a die pad and leads ot a leadframe tor 
making the package ot Figure 8. 
[0027] Figure 10 is a cross-sectional side view of the 

25 package of Figure 8 

[0028] Figure 1 1 is a cross-sectional view of an alter- 
native package where the die extends laterally over the 
perimeter of the die pad and over part of the length of 

the leads. , ^ _ . 

30 (0029] Figure 12 is a plan view of the lower extemal 

surface of the package of Figure 12 without solder in- 

terconneclion Ijalls. 

[0030] Figure 1 3 is a plan view of a leadframe for mak- 
ing the package of Figures 11 and 12. 
3S [00311 Figure 14 is a flow chart of a method of making 

a plurality ol packages simultaneously. 
[0032] Figure 15 is a plan view of two matrixes of six 
leadtrames etched Into a metal strip. 
[0033] Figure 1 6 is a plan view of two matrixes of eight 
40 leadtrames etched into a metal strip. 

[00341 Figure 1 is a flow chart of a method h accord- 
ance with the present invention for assembling an inte- 
grated circuit device package. Figure 5 shows an em- 
bodiment ot a package, in accordance with the present 
45 inventton. which may be formed by the method of Figure 

[0035] Step 1 of Figure 1 provides a metal leadframe 
Figure 2 is a plan view of a leadframe 20 in accordance 
with the present invention. For ease of view, shading is 
BO used in Figure 2 (and the other figures) to distinguish 
the metal portions of leadframe 20 from empty space 
between the metal portons of leadframe 20. 
[0038] Leadframe 20 ot Figure 2 is made of a conven- 
tional leadframe metal, such as copper or copper alloys. 
55 plated copper, plated copper alloys. Alloy 37 (37% nick- 
ol. 55% iron), or copper plated stool, depending on the 

application. . . 

[0037] Leadframe 20 ol Figure 2 includes a peripheral 
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rectangular tie bar 2 1 and a central rectangular dam bar 
29. (Artisans will understand that the terms Vectangu- 
lar* Of VGCiangle' include a square, which is a rectangle 
v^rtih I uf equivalent sides.) In an alternative embodi- 
ment (not shown), such as where a plurality of lead- 
frames 20 are etched into a metal strip (e.g.. Figure 1 6). 
tie bar 21 may be omitted, and the leadframe perimeter 
may be formed by a portion of the metal strip between 
adjacent leadframes. In another alternative embodi- 
ment (not shown), lie bar 21 and the portions of the leads 
between tie bar 21 and dam bar 29 may be omitted, so 
that the outer frame o! the leadframe is dam bar 29. 
[0038] A die pad 22 having a rectangular perimeter is 
connected to leadframe 21. Die pad 22 is inside dam 
bar 29. Two connectors 28 connect die pad 22 to dam 
bar 29 and tie bar 21 of leadframe 20. In Step 6 of Figure 
1 , connectors 30 are severed from leadframe 20 inside 
of dam bar 29. 

[0039] Eighteen leads 30 are connected to and ex- 
tend laterally from tie bar 21 through dam bar 29 toward 
a side ot die pad 22 without contacting die pad 22. First 
end portion 34 of each lead 30 is adjacent to die pad 22. 
In Step 6 of Figure 1. each lead 30 is severed between 
dam bar 29 and first end 34 of lead 30. In an alternative 
embodiment (not shown), leads 30 may begh at dam 
bar 29, instead of at tie bar 21 . and dam bar 29 and tie 
bar 21 may be connected by a plurality of symmetrically 
placed strips. 

[0040] The number, location and lateral paths shown 
In Fioure 2 for leads 30 of leadframe 20 are exemplary 
only. The nurriber, location, and lateral paths of the leads 
will vary according to the application. An advantage of 
the present invention is that the leads can be designed 
to aooommodate the number and location of the bonding 
pads of a particular integrated circuit die. 
[00411 Fourteen of the eighteen leads 30 ot Figure 2 
ere straight. Four leads 30 include a lateral bond be- 
tween dam bar 29 and die pad 22 Each of the straight 
leads 30 Include anchor ears 36. which project perpen- 
diculaity Irom the lateral side of lead 30. Anchor ears 36 
are approximately rectangular and are staggered on ad- 
jacent leads 30. In a completed package, anchor ears 
36 engage the encapsulant material ot the package and 
prevent leads 30 from being pulled horizontally from the 
package body. Altematively. Ihroughholes or depres- 
sions in leads 30 may be used instead of anchor ears 
to engage the encapsulant material. 
[0042] Figure 3 is a cross-sectional side view of lead- 
frame 20 inside parallel members of dam bar 29 along 
line 3-3 of Figure 2. Die pad 22 and two opposing leads 
30 are shown in side view. The portions of leads 30 
shown begin immediately inside of dam bar 29. The low- 
er surfaces of both die pad 22 and leads 30 include ver- 
tically recessed, horizontal or substantially horizontal 
surfaces. 

[0040] Die pad 22 of Figure 3 has substantially planar 
or planar upper first surtace 23, an opposite substantial- 
ly planar or planar second surface 24, and an opposite 



substantially planar or planar third surtace 25. Orthog- 
onal first side surface 26 is between first surface 23 and 
third surtace 25. and orthogonal second side surface 27 
is between third surface 25 and second surface^ 24. 

S Third surface 25 is vertically recessed a distance "HI * 
from second surface 24. In other words, third surface 25 
is vertically between first surtace 23 and second surface 
24. The central port on of die pad 22 has a height 'H* 
between first surface 23 and second surface 24. Third 

10 surface 24 of die pad 22 is at the perimeter of second 
surface 24. and in one embodinwnt. surrounds second 
surface 24. 

[0044] Each lead 30 of Figure 3 irtcludes a planar or 
substantially planar first surface 31. Opposite first sur- 
fs lace 31 is a planar or substantially planar second sur- 
face 32 and a planar or substantially planar third surface 
33. Second surtace 32 begins at dam bar 29 and ex- 
tends a short distance inside dam bar 29 towards die 
pad 22. m this embodiment, second surface 32 has a 
20 rectangular perimeter. The length of second surtace 32 
varies with the application, but should be sufficiently 
sized for external connection of the package. Third sur- 
face 33 extends between second surtace 32 and termi- 
nal end 34 of lead 30 adjacent to die pad 22. Third sur- 
25 face 33 Is vertically recessed a distance 'HI • from sec- 
ond surtace 32. In other words, third surface 33 is ver- 
tically between first surface 31 and second surtace 32. 
Anchor ears 36 (not shown) extend perpendfcularty Irom 
lateral sides 37 of leads 30 adjacent to third surface 33. 
30 [0045] In Step 6 of Figure 1 . after leadframe 20 is en- 
capsulated, leads 30 are severed insde ot dam bar 29 
atong rectilinear lines A-A. B-B. C--C. and D-D of Fig- 
ure 2. The cut is made vertwally through the portion of 
lead 30 which includes second surface 32. In a complet- 
35 ed package, second surface 32 each severed lead 
30 senses as a package contact to electrically connect 
the package, directly or indirectly, to a external printed 
circuit board. In a completed package, third surface 33 
ot lead 30 is covered with encapsulant material, and 
40 hence is internal to the package body (Figure 5) 

[0046] Example values for height 'H' ot die pad 22 
and lead 30 of leadframe 20 of Figure 3 include about 
0.15 to 050 mm. and values for "Hf include about 
0.075 to 0.25 mm. Example values for horizontal Inden- 
45 tation " W of die pad 22 include about 0.025 lo 0 .25 mm, 
(These values also apply to the other figures where "H. 

'HI.* and are shown ) In percentage terms, the 
value ot 'HI • may be about 50%. or in the range of 33% 
to 75%. ot the value of 'H.' i.e.. the distance between 
so first surfaces 23 and 31 and second surfaces 24 and 32. 
respectively. Ol course, these values are examples only. 
Actual values depend on the application. 
[0047] Leadframe 20 of Figure 2 is formed from rolled 
strip metal stock by wet chemical etching. As is well 
55 known, chemical etching (also known as chemical mill- 
ing) is a process that uses photolithography, photore- 
sist, and metal-dissolving liquid chemicals lo etch a pat- 
tern into a metal slnp. Typically, a layer ot pholorostst is 
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aoplied to one or both planar surlaces ol ihe sir.p. Ncxi. 
me resist layer is exposed lo light through a mask having 
a desired pattern. The photoresist is then developed and 
cured, forming a patterned photoresist mask Next, 
chemfeals are sprayed on or otherwise applied to one 
or both planar surfaces ot the masked stnp The ex- 
posed portions 01 the strip are etched away, leaving the 
desired pattern in the metal strip. 
mom A two step etching process is used to form 
leadframe 20 of Figures 2 and 3 (as welt as Figures 9. 
13 15 and 16), The first etching step etches from one 
or both planar surfaces of the strip according to a resist 
oattem applied onto one or both of the planar surfaces 
of the atrip. This first etching step etches completely 
throu^ portions of the metal strip to form the overall 
pattern of the leadfrarhe. as exemplified in Figure 2. 
Next, a second resist pattern is formed on portions of 
one side of the leadframe. The peripheral portions of the 
die pad and selected portions d the leads are not cov- 
ered by the secorxJ resist pattern, and thus are suscep- 
tible to further etching. The second etching step etches 
partially through leadframe from one side according to 
the second resist pattern. This second etch step forms 
the recessed surfaces of leadframe 20 of Figures 2 and 
3 e g.. third surface 25 of die pad 22 and third surfaces 
33 of leads 30 inside dam bar 29. Inside dam bar 29. 
connectors 28 typically also are subjected to this second 
etch step. When the chemicals have etched a selected 
distance through the thickness of selected portions of 
the die pad and leads, the second etch step is slopped. 
In other words, the second etching step etches partially 
throu^ the thickness of selected portions of the die pad 
and leads. The amount of the etching by this second 
etching step is govemed by the need to have a sufficient 
amount of encapsulant material ftow beneath third sur- 
face 25 of die pad 22 and third surfaces 33 ot loads 30 
to secure die pad 22 and loads 30 to the package body. 
Typically, the second etching step removes about 50% 
of the thickness of the die pad and leads, but the amount 
removed may range from about 33% to 75% of the thick- 
ness of the die pad and leads. Due to imperfections in 
the etch process, third surfaces 25 and 33 may not be 
planar, but rather only substantially planar, and the 
etched sidewalls ot die pad 22 and leads 30 may not be 
at 90* angles, but rather may have radiused comers. 
[0040] Alternatively, leadframe 20 may be formed by 
a first step of progressive stamping to form the overall 
pattern of the leadframe. and a second step of chemi- 
cally etching partially through the thickness of the die 
pad and leads of the stamped leadframe, as discussed 
above, to fonr^ the recessed surfaces of leadframe 20. 
[0050] Step 2 of Figure 11 places an integrated circuit 
die 52 onto the center of first surface 23 of die pad 22 
(Figure 5). The placement and attachment of die 52 onto 
die pad 22 may be performed using a conventional die 
attach machine and conventional die attach opo)cy. Dur- 
ing Step 2 and the subsequent assembly stops, lead- 
frame 20 of Figure 2 is grounded lo protect against elec- 



trostatic dischaige CESO'). 

[0051] Siep 3 ol Figufe 1 eleclrically connects a con- 
ductive metal bond wire 54 or equtvaleni between indi- 
vidual bonding pads 53 on integrated circuit die 52 (Fig- 
5 uie 5) and (irst surface 31 ol individual leads 30 First 
surlace 31 may be plated with gold, silver, nickel, palla- 
dium copper or other metals. Leadframe 20 o( Figure 2 
is groundwJ during this wiring step to prevent damage 
to the integrated circuH devices due lo electrostatic dis- 

10 charge. _^ . 

[0052] In Step 4 of Figure 1 . a viscous adhesive en- 
capsulating material is applied onto leadframe 20 ol Fig- 
ure 2 The encapsulant material covers, among other 
things integrated circuH die 52. bond wires 54. side sor- 
.5 faces 26 and 27 ol die pad 22. first surtace 23 and third 
surlace 25 of die pad 22. and first surtace 31. third sur- 
face 33 and the side surfaces ol leads 30 (Figures 4 stkI 
5). Second surtace 24 ot die pad 22 and second surtace 
32 of leads 30 are not covered with encapsulant mate- 
20 rial i e , remain exposed. In an alternative embodiment, 
diepad 22 may be up sot during the encapsulaton step 
so that a thin layer of encapsulant material toims under 
second surtace 24 of die pad 22. In such an embodi- 
ment, die pad 22 is entirely internal to the package body 
25 Finally the encapsulant material is hardened. 

[0053] There are several methods by which Step 4 ot 
Figure 11 may be accomplished, depending on the ap- 
plication. For example. Step 4 of Figure 1 may be ac- 
complished using conventional plastic molding tech- 
90 niques. In such a method, leadframe 20 ol Figure 2 is 
placed in a mold, and a block ol solid molded encapsu- 
lant cTWterial is formed above and on loadfranr»e 20, as 
shown in Figure 4. The encapsulant nraterial may be a 
conventional plastic molding compound applied using 
35 conventional techniques. Example molding compounds 
include NITTO MP-8000AN molding compound Irom the 
NittO Company ot Japan, and Et^E 7351 UT molding 
corrmound Irom the Sumitomo Company of Japan Con- 
ventional gates rray be formed in leadframe 20 to assist 
40 in the molding process. The side surlaces ol the moW 
may be tapered to facilitate release from the moki. 
rao&q Altemativety. instead of using a molding proc- 
ess lot Step 4. Step 4 may be accomplished using a 
liquid encapsulant For example, as a first step, lead- 
45 frame 20 ol Figure 2 e placed on a horizontal surface 
As a second step, a contiguous bead of a conventional 
hardenable viscous adhesive material, such as HYSOL 
4451 epoxy Irom the Dexter-Hysol Company ol City ol 
Industry. CaUfomia. is applied onto leadframe 20, form- 
so ing a closed rectangular dam around die 52 and at leas^ 
the portion of leads 30 inside ot dam bar 29. As a third 
step, the bead is solidified, such as by heating at 140 
•C for one hour. As a fourth step, a conventional hard- 
enable viscous adhesive otaterial suitable lor encapsu- 
55 laling packages, such as HYSOL 4450 liquid encapsu- 
lant is applied within the bead so that the incomplete 
package within the dam is covered with encapsulant 
material. As a final step, the encapsulant material is 
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hardened, such as by healing at 140 "^C !or one hour, 
forming a single solid btock ol encapsulani nr«ierial 
above and on leadlrame 20. Where ihis method is used 
for Step 4. Step 6 uses a saw to cut through the encap- 
sulani material to form orthogonal package sides and to 
cut a completed package from the leadframe. A similar 
molding process and a subsequent sawing st'ip for cut- 
ting a leadframe from such a package is desc .bed U.S. 
patent application no. 09/103.760. which was filed on 
June 24. 1998 and is incorporated in full herein by ref- 
ererK:e. 

[0055] In Step 5 of Figure 1 , the portions of leadframe 
20 of Figure 2 which are not covered with the encapsu- 
lant material, including second surface 24 of die pad 22 
and second surfaces 32 of leads 30. are plated using a 
conventional plating metal compatible with printed cir- 
cuit boards. Example plating nnetals include gold, nickel 
palladium, inconel. lead tin solder, or tantalum, depend- 
ing on the application. Step 5 may be omitted where the 
metal used for forming leadlrame 20 does not require 
plating, or is pre-plaled. For example. Step 5 is omined 
where the metal strip used for making leadframe 20 is 
copper with nickel palladium plating. 
[0056] Figure 4 is a perspective view of leadframe 20 
of Figure 2 atter the completion ot Steps 1-5 of Figure 
1 . In this example, a molding process was used for Step 
4. Ablockof hardened encapsulant material forms pack- 
age body 51 . The tapered sides 55 of package body 51 
are vinlhin dam bar 29. Accordingly, exposed portions of 
leads 30 extend between sides 55 of package body 51 
and dam bar 29. 

[OOST] Step 6 of Figure 1 cuts encapsulated lead- 
frame 20 (Figure 4) akxig linos A-A, B-B, C-C. and 
D-D of Figure 2. Referring to Figure 2, Step 6 severs 
leads 30 insbe of dam bar 29. The cut is made through 
second eurlace 32 of leads 30 (Figure 3). Step 2 also 
severs connectors 30 inside of dam bar 29. Finally, Step 
6 completes the formation ot the package by cuttng a 
completed package away from the disposable portions 
of leadframe 20. 

[0058] Step 6 may be performed using a punch, a 
saw. or equivalent shearing apparatus. For example, a 
punch or a saw may be used where package body 35 
is molded, as shown in Figure 5. Where a punch is used, 
a completed package is cut from leadframe 20 in a sin- 
gle punch operatbn. The package is inverted, and the 
punch cuts leads 30 inside of dam bar 29. The location 
of the cut can va»y so that the portion of severed leads 
30 extending from package sides 55 can range from ze- 
ro to, for example. 0.50 mm in length. 
[0059] Figure 5 is a cross-sect bnal side view of a 
completed package 50 in accordance with the present 
invention. Package 50 was made from leadframe 20 of 
Figure 2 and punched from Figure 4. Package body 51 
of package 50 was mokled. Package 50 has a planar or 
substantially planar external lower second surface 52. 
and tapered side surfaces 55. 

[0060] Consistent with the construction of package 50 



from leadframe 20 ol Figure 2. die pad 22 of package 
50 of Figure 5 includes a planar or substantially planar 
upper firs! surface 23 Opposite first surface 23 of die 
pad 22 is both a planar or substantially planar second 

5 surlace 24 and a planar or substantially planar periph- 
eral third surface 25. Third surface 25 surrounds second 
surface 22 and is vertically recessed a distance "Hi* 
from second surface 22. Third surlace 25 is vertically 
between first surface 23 and second surface 24 and is 

JO covered with the encapsulant rnaterial that forms pack- 
age body 51. The encapsulant material beneath third 
surface 23 prevents die pad 22 from being pulled verti- 
cally from the package. Second surface 22 is exposed 
at tower surface 56 of package 50. and accordingly 

IS forms part of lower second surface 56 of package 50. In 
alternative embodiments, die pad 22 is entirety internal 
to package body 51. 

[0061] In Figure 5, integrated circuit die 52 is on and 
attached to first surface 23 of die pad 22. A bond wire 
20 54 is connected between each bonding pad 53 of die 52 
and a first surface 3lofa lead 30. 
[0062] Package 50 of Figure 5 includes a plurality of 
leads 30, each of whwh were severed from leadframe 
20 of Figure 2 through a second surface 32 at a point 
2$ inside of dam bar 29. The arrangement and numbers of 
severed leads 30 varies, depending on the design of the 
leadframe used to make the package and the applica- 
tion. For example, as in Figure 2. leads 30 have both 
straight and bending lateral paths. 
00 [0063] As in Figure 2. each severed lead 30 includes 
a planar or substantially planar first surface 31 , an op- 
posite planar or substantially planar second surface 32. 
and opposite planar or substantially planar third surface 
33. Third surface 33 is vertically recessed a distance 
35 •HI " from second surlace 32 so that encapsulant mate- 
rial covers third surface 33. In other vwrds, third surface 
33 is vertically botwoen first surface 31 and second sur- 
face 32. Second surfaces 32 ot leads 30 are not covered 
by encapsulant material, but instead are exposed at low- 
40 er surface 56 of package 50. 

[0064] In Figure 5. the portion of first surface 31 of 
lead 30 that is Internal to package tody 51 is in the same 
horizontal plane as first surface 23 of die pad 22, and 
third surface 33 of lead 30 is in the same horizontal plane 
45 as third surface 25 of die pad 22. In an alternative em- 
bodiment (not shown), where die pad 22 is up set in the 
mold, the portion of first surface 31 of lead 30 that is 
inside package body 51 would be in a tower horizontal 
plane than first surface 23 of up set die pad 22. 
so [0065] Each severed lead 30 of Figure 5 includes a 
severed end portion 35 that extends laterally beyond 
package side 55 and is bent upwards at an oblique angle 
6 to the horizontal remainder of second surface 32 of 
lead 30 and lower package surface 56. Angle e may be 
55 about 16 to 70 degrees, although the angle may vary 
As shown, the upwardly bont terminal portion ol second 
surface 32 ol lead 30 is exposed An example length ol 
bent end portion 35 ot load 30 is about 0 1 5 mm beyond 
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oackage side 55. bul ihis length may vary with ihe ap- 
plication. A range of values for the lenglh ol end portion 
35 ol severed lead 30 is zero lo 0.50 mm. 
fOOeq Severed end portion 35 ol lead 30 ot Figure 5 
may be benl upwards during Step 6 by a stamping ma- 
chine used to punch package 50 from laadframe 20. In 
an alternative embodiment (not shown), terminal portion 
35 of lead 30 may be bent upwards so that it is in conlacl 
with package side 55. i.e.. angle 6 equals the angle from 
horizontal of tapered package side 55. In a further alter- 
native embodiment (not shown). Step 6 ot Figure 1 may 
cut lead 30 at package side 55 so that the severed end 
of lead 30 does not extend latefally beyond package 
side 55 

[OOeT] In an alternative embodiment (not shown), 
severed end portion 35 of lead 30 extends laterally in a 
horizontal plane beyond package side 55. In other 
words, severed end portion 35 is not bent as in Figure 
5 but rather extends laterally in the same horizontal 
plane as the remainder off lead 30 so that angle e equals 
zero degrees. Such a package would result where a saw 
is used tor Step 6. It desired, where a saw is used for 
. Step 6, end portion 35 ntay be benl upwards to achieve 
the configuration of Figure 5 with the addition of a sep- 
arate bending step. 

[0068] In Figure 6, a soWer bump 57 is attached be- 
tween package 50 and a printed circuit board (not 
shown). Sober bump 57 contacts second surface 32 of 
lead 30 and also covers bent end portion 35 of lead 30. 
[00G9] In an alternative embodiment (not shown), the 
exposed second surface 24 of die pad 22 also may be 
corKluctcvely connected, such as by soWer paste, to the 
printed circuit board to facilitate package oooling. The 
cooing occurs by thermal conduction. 
[OOTOJ Figure 7 shows the tower external surface 56 
of package 50 of Figure 5. Second surface 56 of pack- 
age 50 consists of second surface 24 of die pad 22. sec- 
ond surfaces 32 ot severed leads 30. and hardened en- 
capsulam material. Second surfaces 36 ot leads 30 
have rectangular perimeters. Severed end portions 35 
of leads 30 extend slightly beyond the edge ot tower sur- 
face 56. Different sizes and shapes for second surfaces 
32, such as circular, are possible depending on the ap- 
plteation. Second surface 24 of die pad 22 also has a 
rectangular perimeter, bul other shapes are possible. 
[0071] In Figure 7. second surfaces 32 of leads 30 are 
aligned in a row along the edges of lower surface 56 of 
package 50. Severed end portions 35 of leads 30 extend 
sliiJhtly beyond the perimeter ot tower surface 56. Figure 
8 shows the lower external surface 61 of an alternative 
package 60, which is also within the present inventk>n. 
In Figure 8. the exposed, rectangular second surfaces 
64 of severed leads 63 of Figure 9) are aligned in single 
rows that are tocated a short distance inward from the 
edge ol lower surface 61 ot package 60. As an example, 
second surfaces 64 arc kxatod about 0.05 to 0.50 mm 
from the perimeter ot lower surface 61 of package 60. 
but the distance vanos with the application In an alter- 



native embodiment (not shown), second surfaces 64 
have a circular, rather than rectangular, perimeter, and 
form a solder interconnection ball land. 
[0072] Figure 9 is a cross-sectional view, taken inside 
5 Of dam bar 29. of a die pad 22 and leads 63 of a lead- 
frame 62 lor making package 60 of Figure 8 Leadframe 

62 of Figure 9 is largely identical to leadfiame 20 of Fig- 
ures 2 and 3 and is made the same way. except as to 
the arrangement, number, and locatton of the vertically 

10 recessed lower surfaces of lead 63. Accordingly, redun- 
dant discussion is omitted . 

[0073) Like lead 30 of Figure 2. lead 63 of Figure 9 
includes a planar or substantially planar first surface 31 
and an opposite planar or substantially second surface 
IS 64. Second surface 64 senres as an external contact for 
the package. Unlike second surface 32 of leadframe 20 
of Figures 2 and 3. however, second surface 64 of lead 

63 of Figure 9 is not located imrnodiately inside and ad- 
jacent to dam bar 29 (Figure 2). bul rather is located 

20 nearer to die pad 24 between third surface 66 and fourth 
surface 65 of lead 63. Third surface 66 and fourth sur- 
face 65 are opposite first surface 31. are planar or sub- 
stantially planar, are in the same horizontal plane, and 
are vertically recessed a distance 'Hi • from second sur- 
2S face 64 of lead 63 ( e.. are vertk:ally between second 
surface 31 and second surface 64). Fourth surface 65 
is laterally between dam bar 29 (not shown but similar 
to Figure 2) and second surface 64. and third surface 
65 in between second surface 64 and die pad 22. 
30 [0074] The perimeter of second surface 64 of lead 63 
ot Figures 8 and 9 may be a variety of shapes to facilitate 
different extemal connections of the package. For ex- 
ample, second surface 64 may have a rectangular pe- 
rimeter, as in Figure 8. Alternatively, second surface 64 
35 may have a circular perimeter. 

[0076] Figure 10 is a cross-sectional side view of 
package 60 ot Figure 8. The package ot Figure 10 is 
made according to the process of Figure 11 using the 
leadframe ot Figure 9. As shown, fourth surface 65 is 
40 adjacent to package side 57. and second surfaces 64 
are located a selected distance inside the permeier ol 
tower surface 61 of package 60. 
[0076] In Figures 8 and 10. the encapsulant material 
forming the package body covers all of lead 63 except 
46 second surface 64. In other words, third surface 66 and 
fourth surface 65 of leads 63 are covered with encap- 
sulant material, and thus are internal to the package In 
alternative embodiments, where the severed ends of the 
leads extend beyond the package sides (e g . Figure 5). 
so encapsulant material also does not cover the portions 
of the severed leads that extend beyond the package 

sides. , , 

[0077] Figure 11 is cross sectional side view of an al- 
ternative package 70. in accordance with the present 
ss invention, which may be n^de by the method ot Figure 
1 Figure 11 is taken atong lino 11-11 of Figure i2. Die 
52 is attached lo upper first surface 82 of die pad 72 with 
conventional epoxy die attach material 87. Die 52 ox- 
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tends over the perimeter ol die pad 72 and over upper 
first surfaces 76 of leads 73 ol package 70. Accordingly, 
package 70 is near chip size. The distance between side 
^ of die 52 and package side 77 may be as little as 
^ut 0.6 mm or less on sides where bond wires are 
present. In an aHernative embodiment (not shown), die 
53 extends over the perimeter of die pad 72. but does 
not extend over leads 73. In another altemative embod- 
iment (not shown), where bond wires are located only 
on two. rather than all four, sides of the die. the distance 
between a die side 52A where bond wires are not con- 
nected and the package side may be as little as about 

[0078] In Figure 1 1 . four leads 73 are shown. Only part 
d the length of the two inner leads 73 are shown in this 
cross section because those inner leads include lateral 
bends, as shown by leadframe 71 of Figure 13. and 
these are behind the two outside leads 73. 
[0079] In Figure 11 . a shorl bond wire 77 is connected 
between each bonding pad 53 on die 55 and an upper 
first surface 76 of a lead 73. The connection of bond wire 
77 to first surface 76 is made at a first end 86 of lead 73 
acqacent to package sides 79. 
(0080] Package 70 of Figure 11 is a bail grid array 
package, although a land grkJ array ('LGA*) package 
also Is possible- As shown in Figure 12. an array of sol- 
der interconnectbn balls 78 is formed on lower external 
surface 80 of package 70. Accordingly, the distances 
between second surfaces 74 of different leads 73 and 
package sides 79 vary (see Figure 12). 
[00811 Package body 61 of Figure 11 is formed of 
moUed encapsulant material, although other encapsu- 
latkxi methods may be used. Durrg Step A of Figure 1. 
the encapsulant material fills in between lower surface 
89 of die 52 and first surfaces 76 of leads 73. A noncon- 
duetive (i.e.. insulalive) adhesive epoxy 87. whk:h is lo- 
cated between lower surface 89 of die 52 and first sur- 
face 82 of die pad 72. attaches die 52 to die pad 72 and 
spaces die 52 above first surfaces 76 of leads 73. in 
addttkxi, where die 52 extends over leads 73. additkjnal 
Insulalive epoxy 87 is applied between lower surface 89 
or die 55 and first surfaces 76 of leads 73 to space apart 
die 55 and leads 73. 

(OOaq Each lead 73 of Figure 1 1 has a planar or sub- 
stantiatly planar first surface 76. Opposite first surface 
76 is both a planar or substantially planar second sur- 
face 74 and a third surface 75. Second surface 74 is 
bcated at a second end 85 of each lead 73 that is op- 
posite first end 86. By contrast, the locations of second 
surface 32 of lead 30 of package 50 of Figure 6 and sec- 
ond surface 64 of lead 63 of package 60 of Figure B were 
at or close to, respectively, the perimeter of the lower 
external surface of their respective packages. 
[0083] In Figure 11 . third surface 75 of each lead 73 
is adjacent to and vertically recessed a distance 'Hi" 
from eeoond surface 74 of load 73. Third surface 75 is 
vertically between first surface 76 and second surface 
74. and is formed by the same partial etching process 



as third surface 33 of lead 30 of Figures 3 and 5. as 
described above. As shown, encapsulant material cov- 
ers third surface 75. and thereby prevents lead 73 from 
being pulled vertically from package body 81 . Encapsu- 
5 lant material does not cover second surface 74 of leads 

73. 

[0084] Die pad 72 of package 70 of Figure 11 has a 
planar or substantially planar first surface 82. Opposite 
first surface 82 is both a planar or substantially planar 

10 second surface 83 and a peripheral planar or substan- 
tially planar third surface 84. Third surface 84 surrounds 
second surface 83 and is vertically recessed a distance 
•HI ■ from second surface 83. First surface 82 of die pad 
72 is in the same horizontal plane as first surface 76 of 

IS leads 73. 

[0085] Third surface 84 of die pad 72 of Figure 11 is 
vertically between first surface 82 and second surface 
83 and is formed by the same partial etching process as 
third surface 23 of die pad 22 of Figures 3 and 5. As 
20 shown in Figure n. encapsulant materia! covers third 
surface 84 of die pad 72. and thereby prevents die pad 
72 from being pulled vertk;ally from package body 81. 
Encapsulant material does not cover second surface 83 
of die pad 72. To aid in package ooollng. second surface 
25 83 of die pad 72 may connected by soWe; interconnec- 
tion balls or an equivalent conductor to an external print- 
. ed circuit board. Alternatively, die pad 72 may be up set 
during Step 4 of Figure 11 so that die pad 72 is covered 
by encapsulant material and therefore entirely internal 
30 to package body 81. In such a case, first surface 76 of 
leads 73 would be below first surface 82 of die pad 72. 
[0086] Figure 1 2 is a bottom plan view of tower exter- 
nal surface 80 ol package 70 of Figure 11 prior to the 
placement of soWer interconnectbn balls on second 
35 surfaces 74 of leads 73, As shown, second surfaces 74 
are circular and arranged in an array. Third surfaces 75 
of leads 73 are not visible in this view because third sur- 
faces 75 are covered with encapsulant material, and 
thus are intemal to package body 81. A metal comer 
40 plate 88 is at each of the four oomers of lower surface 
80. 

[0087] Figure 1 3 is a plan view of a leadframe 7 1 suit- 
able for making package 70 of Figures 1 1 and 1 2. Unlike 
rectangular die pad 22 of Figure 2. die pad 72 of Figure 
45 1 3 is a segmented strip connected to two parallel sides 
of dam bar 29. Die pad 72 includes four rectangular por- 
tions 72A. which may be connected by solder balls to a 
printed circuit board to facilitate package cooling. 
[0088] Leads 73 of Figure 1 3 are a variety of shapes 
50 and lengths, which vary according to the application. In 
particular, some leads 73 are laterally straight m their 
extension from dam bar 29 to their respective circular 
second surfaces 74 al second lead ends 85 (Figure 11 ). 
Other leads 73 have one or more lateral bends between 
55 dam bar 29 and their respective second surfaces 74 at 
second load ends 85 (Figure 11 ). Two loads 73 at each 
corner of leadlrame 71 are connected to the same load 
end 86. but this is not necessary In an alternative em- 
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bodimenl (not shown), leads 73 may have anchor ears 
or ihroughholes to engage Ihe encapsulanl material. 
During Step 6 of Figure l . each lead 73 is severed from 
leadlrame71 insideof dam bar 29 of Figure 13. The cut 
is made inside dam bar 29 at the outside edges of melal 
corners 83 of leadframe 71 along lines A-A. B-B. C-- 
C, and 0--D of Figure 13. 

[OOaq Artisans will appreciate that numerous vana- 
tions of the packages, leadf rames. and assembly meth- 
ods described above are possible in view of the present 
disclosure. For example. Figure 14 is a flow chart of an 
aHemative assembly method where a plurality of pack- 
ages along the lines of Figures 5, 10 or 11 are formed 
simultaneously. The basic steps o1 the Figure 14 proc- 
ess are the same as the Figure 11 process, and thus rt 
|6 not necessary lor the steps to be described in detail. 
The difference between the Figure 11 process and the 
Rgure 14 process is that the steps are modified to ac- 
commodate the making of a plurality of packages simul- 
taneously. The process of Figure 14 is enabled by the 
proviston in Step 11 of a plurality of leadf rames. such as 
leadfiames 20. 62, or 71. etched adjacent to one and 
other In the form of a matrix in a single sheet of meial 
strip. 

[00901 Figure 1 5 shows a matrix of twelve leadframes 
71 (Figure 1 1 ) on a metal strip 90. The number of lead- 
frames 7 1 etched into slrfp 90 are variable. For example, 
thirty six or sixty four leadframes 91 may be etched into 
strip 90. Leadframes 91 were simultaneously etched in- 
to strip 90 using the above-described tvjfo-slep chemical 
etching method, or the two step progressive stamping 
then chemical etching method. For the configuration of 
Figure 1 5. Step 4 of Figure 14 may be pertomrwd using 
conventional molding techniques, as described above, 
to form individual package bodies 81 on each leadframe 
71 of strip 90. In other words, the mold has indivdual 
mow cavities for each die. and forms an array of indi- 
vWual incomplete packages like Figure 4. Step 6 cuts 
individual packages 70 from strip 90 using a punch or 
saw. 

[0091] Figure 16 shows an atiemalive strip 93 into 
whteh two matrixes of eight leadframes 20 (Figure 2) 
have been etched. Instead of molding individualized 
packages during Step 4 of Figure 14. a single block of 
encapsulant material is applied over all of the lead- 
frames 20 of each ot the two matrixes These bkjcks Of 
encapsulant may be formed by. first, writing a bead of 
HYSOL 4451 adhesive around each matrix of lead- 
frames 20 of Figure 16. After the bead is solidified. HYS- 
OL 4450 liquid encapsulant or equivalent is applied with- 
in the bead so that each die 52 and incomplete package 
50 within the dam is covered with encapsulant material. 
Next, the encapsulant material is hardened, such as by 
heating, forming a contiguous block of encapsulant ma- 
terial above and on each of the two matrixes of lead- 
frames 20. In Stop 6 of Figure 14, a saw is used to cut 
eight individual packages 50 from each of the two ma- 
trixes of strip 93. Step 6 severs the connections between 



the leadframe 20 and die pad 22 and loads 30. Step 6 
also cuts through the bkx:k of encapsulant material to 
lonm orthogonal package sides. 
[0092] The above description of embodiments of this 
invention is intended to be illustrative and not limiting 
aher embodiments of this invention will be obvious to 
those skilled in the art in view d the above disclosure. 



10 Claims 

1 . A package for an integrated circuit device compris- 
ing: 

IS a metal die pad having a substantially planar 

first surface, a substantially planar second sur- 
face, and a substantially planar third surface, 
wherein the second surface and the third sur- 
face are opposite the first surface, and the third 

20 surface is at the periphery of the second sur- 

face and is vertically between the first surface 
and the second surface; 
an integrated circuit devk:e on the first surface 
of the die pad; 

25 a plurality of metal leads each having a sub- 

stantially plarwr First surface, a substantially 
planar second surface and a substantially pla- 
nar third surface, wherein the second surface 
and the third surface are opposite the first sur- 

30 face, and the third surface is vertically between 

the first surface and the second surface; 
a plurality of conductors, each conductor con- 
nected between a conductive pad on the inte- 
grated circuit device and a first surface of a 

3$ lead; and 

an encapsulant material which forms a pack- 
ago body, wherein the encapsulant material 
covers the third surface ol the die pad and the 
third surfaces of the leads; and 

40 vi^eroln the second surfaces ol the leads are 

exposed at a first external surface of the pack- 
age, and the first surface of the leads are in the 
same horizontal plane as the first surface of the 
' die pad or below the first surface of the die pad. 

45 

2. The package ol claim I. ^wherein the first surface of 
the die pad is in the same horizontal plane as the 
first surfaces of the leads, and the second surface 
ol the die pad is exposed at the first external surface 

60 of the package. 

3. TTie package of claim 1 or 2. wrfierein the second 
surface of the lead has a circular perimeter. 



55 4. The package ol claim 1 or 2. wherein the second 
surface of the load has a rectangular porimotor. 

S. The package of claim 1 . 2. 3 or 4, wherein the first 
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external surface ot the package has a perimeier. 
and the second surfaces of all or a plurality ol the 
leads are at said perimeter. 

6. The package of claim 1 . 2. 3 or 4. wherein the first 
external surface of the package has a perimeter, 
and the second surfaces of all or a plurality of the 
leads are hskJe ot said perimeter such that encap- 
sulant material is twlween said perimeter and the 
second surface of each such lead. 

7. 'r>ie package of claim 6. wherein each lead having 
a second surface inside said perimeter includes a 
substantially planar fourth surface opposite the first 
surface of the lead, wherein the fourth surface is 
vertfcally between said first surface and said sec- 
ond surface of the load, and the fourth surface is 
laterally between the second surface ot the lead and 
the perimeier of the first external surface of the 
package. 

8. The package of any one of claim 1 to 7, wherein the 
package has peripheral skJes. and a plurality of said 
leads hclude a first portion that extends beyond the 
sides of the package. 

9. The package of claim 8. vk^ierein the first portion of 
the leads is bent upwards. 



10. The package of any one of claim 1 to 9. wherein the 
first surface of the die pad has a perimeier. and the 
integralod circuit devce extends over the perimeter 
of the die pad. 

11. The package of claim 10. wherein the integrated cir- 
cuit device extends over a portion of the leads. 

12. The package of claim 11 . wherein the package has 
peripheral sides, and a side of the integrated circuit 
device Is about 0. 1 mm or less from a package side. 

13. The package ot claim 11. v&ioreln a conductor is 
attached to a conductive pad adjacent to a first side 
of the Integrated circuit devfce, and said first side Is 
about 0.6 mm or less from a peripheral side of the 
package. 

14. The package of any one of claims 1 to 1 3. wherein 
the package has a thickness of about 0.50 mm or 
less. 

15. The package of any one of claims 1 to 14, wherein 
a vertical distance between the first surface of a 
lead and the third surface of the lead is about 50% 
of the vertical distance between the first surface and 
the second surface of tho load. 

16. The package ot any one of claims 1 to 15. wherein 



the second surfaces ot the leads are arranged in an 
array. 

17. The package ot any one of claims 1 to 16. wherein 
5 a plurality ol the leads include a lateral bend. 

18. The package of claim 17. wherein the first surface 
of the die pad has a perimeter, and the integrated 
circuit device extends over the perimeter of the die 

10 pad. 

1 e. The package of claim 1 6, wherein the integrated cir- 
cuit device extends over a portion of the leads. 

IS 20. A metal leedframe for making a encapsulated inte- 
grated circuit package comprising: 

a disposable metal frame; 

a melal die pad within and connected to the 

20 frame, the die pad having a substantially planar 

first surface, a substantially planar second sur- 
face, and a substantially planar third surface, 
wherein the second surface and the third sur- 
face are opposKe the second surface, and the 

zs third surface is at the periphery of the second 

surface and is vertically between the first sur- 
face and the second surface; 
a plurality of metal leads extending from the 
frame toward the die pad without contacting the 

30 die pad. each lead having a substantially planar 

first surface, a substantially planar second sur- 
face and a substantially planar third surface, 
wherein the second surface and the third sur- . 
face of each lead are opposite the first surface. 

55 and the third surface is vertically between the 

first surface and the second surface. 

21. A patterned metal strip for nriaking a plurality of en- 
capsulated Integrated circuit packages simuliane- 
40 ously convi''^^9- 

« 

a plurality of Interconnected disposable metal 
frames In a matrix; 

a metal die pad within and connected to each 
45 of the frames, each die pad having a substan- 

tially planar first surface, a substantially planar 
second surface, and a substantially planar third 
surface, wherein the second surface and the 
thiid surface are opposite the second surface. 
60 and the third surface is at the periphery of the 

second surface and is vertically between the 
first surface and the second surface; 
a plurality of metal leads extending from each 
of the frames toward the die pad within the par- 
55 ticular frame without contacting the die pad, 

each load having a substantially planar first sur- 
face, a substantially planar second surface and 
a substantially planar third surface, wherein the 



10 



I 



19 



EP 0 989 608 A2 



20 



second surlace and ihe third surlace of each 
lead are opposite the first surface, and the third 
surface is vertically between the first surlace 
and the second surface. 

22. A method of making a package lor an integrated cir- 
cuit device comprising 



25. The method of claim 23. wherein the leads are sev- 
ered so that a first portion of each severed lead ex- 
tends outside of the encapsulani material. 

26. The method of claim 25. including bending the first 
portion of the lead upwards relative to the first sur- 
face of the package body. 



providing a leadframe: 

said leadframe including a disposable metal »o 
frame, a metal die pad within and connected to 
the frame, the die pad having a substantially 
planar first surface, a substantially planar sec- 
ond surface, and a substantially planar third 
surface, wherein the second surface and the 
third surface are opposite the second surface, 
and the third surface at the periphery of the sec- 
ond surface and is vertically between the first 
surface and the second surface; 
said leadframe Including a plurality of metal 
leads extending from the frame toward the die 
pad without contacting the die pad. each lead 
having a substantially planar first surface, a 
substantially planar second surface and a sub- 
stantially planar third surface, wherein the sec- ^5 
ond surface and the third surface of each lead 
are opposite the first surface, and the third sur- 
face is vertically between the first surface and 
the second surface; 

placing an integrated circuit device on the first 30 
surface of the die pad; 

electrkally connecting one of a plurality of 
bonding pads on the integrated circuit device 
to the first surface of each lead; 
apptying an encapsulant material, so that the 35 
integrated circuit device, the first surfaces of 
the die pad and leads, and the third surfaces of 
the die pad and leads are covered by the en- 
capsulant rrttterial. but the second surfaces of 
the leads are exposed; ^ 
hardening the encapsulant material; 
severing the die pad and the leads from the 
frame and a completed package from the load- 
frame, wherein the first surface of the leads are 
in the same horizontal plane as the first surface « 
of the die pad or below the first surface of the 
die pad. 



27. A-method of making a plurality of integrated circuit 
device packages simultaneously comprising: 



23. The method of claim 22. wherein the encapsulant 
material is applied so that the second surface of the 
die pad is exposed, and the first surface of the die 
pad is in the same horizontal plane as the first sur- 
faces of the leads of the package. 

24. Themethodof claim 23. further including plating the 
exposed second surfaces of the die pad and loads 
with a metal after applying an encapsulant and prior 
to severing. 
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provkjing a patterned metal strip; 
said strip including plurality of interconnected 
disposable metal frames in a matrix; 
wherein a metal die pad is within and connected 
to each of the frames, each die pad having a 
substantially planar first surface, a substantially 
planar second surface, and a substantially pla- 
nar third surface, wherein the second surface 
and the third surface are opposite the second 
surface, and the third surface is at the periphery 
of the secofvd surface and is vertically between 
the first surface and the second surface; and 
wherein a plurality of metal leads extend from 
each of the frames toward the die pad within a 
partteular frame without contacting the die pad. 
each lead having a substantially planar first sur- 
face, a substantially planar second surface and 
a substantially planar third surface, wherein the 
second surface and the third surface of each 
lead are opposite the first surface, and the third 
surface Is vertically between the first surface 
and the second surface; 
electrically connecting one of a plurality of 
bonding pads on each integrated circuit device 
to the first surface of a lead within the same 
frame as the integrated circuit device; 
applying an encapsulant material, so that each 
Integrated circuit device, the first surfaces of 
the die pads and leads, and the third surfaces 
Of the die pad and leads are covered by encap- 
sulant material, but the second surfaces of the 
leads are exposed; 
hardening the encapsulant material; 
severing the die pads and the leads from their 
respective frames and a plurality of completed 
packages from the metal strip, wherein the first 
surface of the leads of each package are in the 
same horizontal plane as the first surface of the 
die pad or betow the first surface of the die pad. 

28. The method of claim 27. wherein the encapsulant 
material is applied so that the second surface of the 
die pad is exposed, and the first surface of the die 
pad is in the same horizontal plane as the first sur- 
faces of the loads of the package. 

20. A method of making a metal leadlrame for making 
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an integrated circuit package comprising. 

providing a metal sheet; 
removing selected portions ot the metal sheet 
and forming a leadframe having a frame, a die 
pad within and connected to the frame, and a 
plurality of loads extending from the frame to- 
wards the die pad wrthout contacting the die 
pad; 

wherein said die pad includes a substantially 
planarfirstsurtace and an opposite substantial- 
ly planar second surface, and said leads each 
include a substantially planar first surface and 
an opposHe substantially planar second sur- 
face; 

applybg a patterned photoresist mask to se- 
lected porttons of one side of the die pad and 
leads of the laadframe; 

chomicalty etching partially through the die pad 
and leads from one skJo. thereby removing un- 
masked portions ot the die pad and leads and 
forming a substantially planar third surface on 
said die pad and each of said leads; 
wherein the third surface of the die pad is op- 
posite the first surface of the die pad, is at the 
periphery of the second surface of the die pad. 
and is verticany between the first surface and 
the second surface of the die pad; and 
wherein the third surface d each of the leads 
is opposKe the first surface of the lead and is 
vertfcally between the first surface of the lead 
and the secorKl surface of the lead. 

30. The method of claim 29. wherein the renrroving step 
includes applying a patterned photoresist mask to 
the metal sheet, and chemically etching the strip to 
remove said selected portions of the metal sheet. 
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Provide o thin meld leodfrome having a die pod wilhin 
and connected to the leodfrome ond leods extending 
toward the die pod without contocting the die pod, 

wherein the lower surfoces of the die pod ond leods hove 
vertlcolly recessed opproximately horizon lol surfoces 



Ploce on inteqroted circuit die 
onto 0 first surfoce of the die pod - 










Electrically connect bonding pods 
on the die to o first surface of the leods 










Apply on encopsulont moteriol onto the leodfrane, 
covering the die. the first surfoces of the die 
pod ond leods. the sides of the die pod and 
leods, ond the verlicolly recessed lower 
surfaces of the die pod ond leads 










Plotc exposed surfoces of the leodfrome with metol 








Cut the encopsuloted leodfrome in situ severing the 

die pod ond leods from the leodfrome ond 
severing o completed pockoge from the leodfrome 





FIG. i 
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FIG. 3 
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Provide 0 melol sheet including of plurality of interconnecled 
fromes in o malrix. with eoch frame hoving o die pod within 
ond connected to the frame, ond leods extending toword the 
die pod without conloctinq the die pod. wherein the lower 
surfaces of the die pod ond leods hove vertically 
recessed opproximotely horizontol surfoces 



Place an inlegroted circuit die 
onto 0 first surface of eoch die pod 



2 



Electricolly corinect bonding pods on each 
die to 0 first surfoce of the leods 



Apply an encapsulont material onto the metol sheet, 
covering each die. ond the first surfaces of the die 
pod ond leads, the sides of the die pod and leods. 
and the vertically recessed lower surfoces of the 
die pod ond leods ossocioted with eoch die 



Plote exposed surfaces of the sheet with metol 




Cut the encopsulotcd sheet severing the die pods ond 
leads from their respective fromes ond severing o 
plurality of completed pockoges from the sheet 



FIG. U 
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